Recent years have witnessed the rapid development of intelligent transportation system around the world, which helps to relieve urban traffic congestion problems. For instance, many mega-cities in China have devoted a large amount of money and resources to the development of intelligent transportation system. This poses an intriguing and important issue: how to measure and quantify the contribution of intelligent transportation system to the urban city, which is still a puzzle. This paper proposes a matching differencein-difference model to calculate the contribution rate of intelligent transportation system on traffic smoothness. Within the model, the main effect indicators of traffic smoothness are first identified, and then the evaluation index system is built, and finally the ideas of the matching pool are introduced. The proposed model is illustrated in Guangzhou, China (capital city of Guangdong province). The results show that introduction of ITS contributes 9.25% to the improvement of traffic smooth in Guangzhou. Also, the research explains the working mechanism of how ITS improves urban traffic smooth. Eventually, some strategy recommendations are put forward to improve urban traffic smooth.
Introduction
In August 2009, Premier Wen Jiabao clearly indicated the importance of establishing the "Experience China" center and seizing the initiative of the new round global network technology development. Since then, a new wave of Internet of Things (IOT) researching is rising in China. Nowadays, China is on the rapid development and construction of the Internet of Things, which has brought unprecedented opportunities for the management and service of the transportation industry. In 2011, the Ministry of Transport focused on promoting the development of transportation through IOT on the basis of the present development industry situation. During the research, aimed at guaranteeing the better development of transport industry, Guangzhou was chosen as the demonstration area and a "city intelligent transportation application demonstration project based on IOT" was organized. Moreover, as a new IOT product technology, Intelligence Transportation System (ITS) was applied in the traffic industry. Compared with the traditional transportation projects, the system mentioned above shows dynamic, novel, complex, extensive characteristics and so forth. In recent years, ITS has been constructed and applied in China while at the same time it has made certain achievements on improving the urban traffic operation and service so as to make the traffic smooth, safe, green, and convenient.
However, urban intelligent traffic is a complex integrated system, whose development and construction are affected by many factors, such as the urban traffic environment, population structure, geographical location, and economic development level. With the rapid development of urban intelligent transportation, the transportation situation has gained certain improvement. However, considerable attention has been currently paid to the evaluation index system and methods regarding the application effects of ITS. Besides, there are relatively rare researches on the application effects in the micro level of ITS. For example, researches about the contribution of ITS in proving urban traffic environment and travel quality, traffic smoothness, and security are relatively blank. Moreover, European Union issued the Guidebook for 2 Mathematical Problems in Engineering Assessment of Transport Telemetric Applications: Updated Version in September 1998, which systematically expounded the evaluation thought of ITS project in EU. Besides, it had been used to evaluate the ITS project in London, Paris, and other cities. However, the evaluation is just related to the development and construction effects rather than the involvement with the application effects. In 2000, the United States issued "National ITS Architecture" (version 3.0) and comprehensively expounded the evaluation contents and methods of ITS. The evaluation content stipulated includes evaluation design, performance, cost and profitability analysis, risk analysis, and evaluation results. However, the microlevel research of ITS acting on urban traffic is not involved.
Although in the later research Underwood and Gehring [1] evaluated the ITS application effects from social, individual, and enterprise benefits, the research content and result are still in the macro level. Furthermore, Novak and McDnald [2] studied the potential macroeconomic effects of ITS in the United States, in which direct employment, economic multiplier, productivity, technology diffusion, and competitiveness are included. Moreover, Lee [3, 4] , Zavergiu [5] , Brand [6] , and Beimborn et al. [7] established user efficiency analysis models, cost benefit analysis related models, and some other relevant models, so as to research the economic value of ITS projects. However, these researches are more from the perspective of ITS economic value instead of the improvement of traffic environment; besides, their evaluation indicators are different. Then, Xiao [8] who used the analytic hierarchy process and fuzzy mathematics theory to evaluate the effects of ITS in improving urban comprehensive transportation system once argued that the effects of ITS in improving traffic environment cannot be ignored. In addition, Zhao et al. [9] researched from public transport facilities, service, benefit, and social responsibility four aspects in total so as to establish the comprehensive evaluation index system of urban public traffic system. Additionally, Chen and Liao [10] evaluated ITS application effects from six aspects, namely, economic effect, social effect, resource consumption, environmental impact, and development ability. In all these researches, ITS application effects have been analyzed to a certain extent. However, more researches are still focusing on the economic and overall social effects. Besides, there has not yet been in-depth analysis on the specific effects of ITS to urban traffic. Until 2011, Cao et al. [11] defined and quantified the evaluation index system of ITS application effects from five aspects: comfort, safety, convenience, timeliness, and coordination, which has achieved a certain innovation and laid the foundation for the further study. However, it appeared that there have been some deficiencies with the evaluation method. The limitations of the methods led to the complexity of the evaluation process and affected the authenticity of the results. Therefore, in order to ensure the authenticity of the evaluation results, more suitable innovation methods should be developed and employed.
However during this period certain results in terms of the researches of evaluation methods have been obtained. For instance, Leviäkangas and Lähesmaa [12] discussed the application of AHP to analyze the cost benefits of ITS. It is too subjective to determine the weights of the efficiency indicators and this might widen the gap between evaluation results and actual situation. Moreover, Mattingly [13] constructed a model to show the value of ITS project in the monetary form, which was integrated through the analytic hierarchy process and multiple attribute value function method. After that, the model was used to evaluate ITS effects of Anaheim in California, thus confirming the feasibility of the model. However, the model cannot evaluate the application effects of the microlevel object effectively. Wang and Walton [14] discussed the grey correlation analysis (GRA) in evaluating ITS project. Zhang et al. [15] combined analytic hierarchy process with grey correlation method to evaluate the effects of the subsystems of ITS. Nevertheless, all these researches still cannot avoid the influence by the model characteristics; namely, the subjective evaluation results are stronger, which can seriously affect the veracity of the practical evaluation results.
In order to get a better evaluation model, some scholars proposed DID model due to the mature theoretical basis and practical verification of the model. Moreover, DID is more suitable for the evaluation of the benefits of new policy and the results are also more robust. For example, Wooldridge [16] established corresponding DID models according to different data types, while Ai and Norton [17] and Puhani [18] studied the parameter estimation computing method of generalized linear equation in DID model. Moreover, Drykker [19] used Wooldridge's test to verify the correlation between random errors and then corrected the model by generalized least squares method. By studying the minimum wage system in Britain from 1991 to 2000, Galiani et al. [20] evaluated the effects of minimum wage system on employment. Besides, Conti [21] calculated the contribution rate of euro in improving per capita GDP and labor productivity level by DID model. Lewis and Reiley [22] researched the contribution of offline sales products advertising for profit change. In addition, Liang and Zhou [23] , Wu [24] , Wang [25] , and Deng and Wang [26] innovatively selected DID model to analyze the contribution of soil and water conservation engineering, new agriculture insurance policy and foreign strategic investment, and so forth. However, most researches focus on the fields of medical, equity, and economic reform, which could be inflicted with great short-time changes and easiness to control group. However, there are rare researches in the transportation field, while at the same time the applications are lacking innovation. Furthermore, researches on effects of ITS in improving urban traffic congestion are relatively blank. With more difficulties in choosing the control group, there would be more limitation in terms of the application of DID. Besides, the complexity of ITS also determines the difficulties in selecting control group. Thus, it is necessary to improve the DID model, and the innovative introduction of MDID mode is very important.
Despite the achievements acquired by the researches in the traffic smooth field [27] [28] [29] [30] [31] , more researches are focusing on the cause and influence factors of traffic congestion or other fields. Besides, there are relatively scarce quantitative researches between transportation operation service and ITS. Although some scholars have studied the relationship between traffic smooth and ITS, there are still limited qualitative researches. All of these may lead to the fact that specific functions of ITS in improving traffic smooth cannot Mathematical Problems in Engineering 3 be expressed clearly. Therefore, strengthening quantitative research of ITS in improving urban traffic congestion is particularly important and necessary [32] .
In order to acquire more scientific ITS investment and technology-integrated application with higher efficiency, this paper takes Guangzhou (capital city of Guangdong province, China) as an example (Guangzhou city is the ITS demonstration city in China) based on comprehensive analysis. After that, urban traffic smooth is chosen as the research object. Based on the literature analysis from domestic and foreign research results, characteristics of ITS and its influence factors have been refined. Then, relevant analysis has been conducted on the function of ITS to urban traffic smooth. In addition, a set of evaluation index system has been built so as to comprehensively, objectively, and accurately reflect the benefits of ITS in improving urban traffic smooth. Additionally, the indexes related to urban traffic smooth are extracted firstly, then the indexes which are greatly influenced by ITS are stripped out, and finally the influencing factors of these indexes are figured out. Finally, with advanced DID model (MDID, matching difference-in-difference) and other related econometric models, the contribution rate is calculated. Through the research, the contribution rate of ITS in improving Guangzhou's traffic smooth has been acquired, and the mechanism of ITS in perfecting urban traffic smooth has been proposed. 
Model Formulation
In the formula, = 1 means experimental object, and = 0 means control object. Average treatment effect on the treated ATT measures the average return of experimental group and control group:
Investigating dynamic change and introducing time variable to the estimation model:
The virtual variable = 0 is time section before policy implemented, and = 1 is the time section after policy implemented. Moreover, policy implementation effect is only acting on the experimental group. Observation time meets 0 < < 1 , and the formula is acquired as follows: Here the value of ATT is shown:
ATT , the estimator of DID iŝ
DID is the unbiased estimators of ATT. The estimator can not only measure the effects before and after the policy implemented but also measure the policy differences between experimental group and control group. After that, the policy implementation effects are obtained.
Here, setting the area that has built the ITS as "experimental group," the area without ITS is developed as "control group." DID model can effectively control the effects of other possible factors. Besides, it can not only distinguish the individual difference in experimental group after using ITS but also separate time differences of different areas. Then it comes to the identification of the application effect of ITS ( Figure 1) .
From the perspective of the DID model research and application, the selection of control group mainly relies on subjective judgment and lack of objective and quantitative evaluation standard. When control group is a single individual, the results will depend on the individual data to a great extent and result in poor robustness model. Therefore, it is necessary to improve the DID model.
Introduction to Matching
Algorithm. Due to the strong subjectivity of DID model in selecting control group, the authenticity of evaluation results will be affected. Thus, matching algorithm is introduced in the paper to solve the problem. In terms of matching algorithm, adopting an approximation experimental algorithm is implemented to distinguish experimental group and control group effectively. Matching algorithm believes that individuals share the same characteristics, due to which they also have the same response to the same policy variables. That is to say, the decisionmaking behaviors of experimental group and control group are not affected by unobservable variables. Moreover, matching algorithm can enlarge the select range of control group, which can avoid the subjective randomness in selecting control group and eliminate the estimation deviation caused by nonmutual support domain and nonidentical distribution [33] .
Matching model assumes that the selection biases are entirely determined by observable variables and it also rules out the selection biases caused by unobservable factors. It means that when the control variables are determined, whether affected by policy or not, they will have nothing to do with the value of index . Call it conditional independence assumption (CIA), and mathematical formula is
The CIA assumption in matching model would limit some variables selected into control group, but the restriction does not cause interference to the precision of results. It is for the reason that DID model allows the existence of observation factors.
Here, setting
ATT 0 is the ATT of control variable, and ATT 1 is the ATT of experimental group. When CIA assumption is satisfied, formulas are acquired as
That is to say, the change of control group is 0 before and after the policy implemented. Therefore, ATT is
However, there will be multidimensional problems due to the increasing matching strategy with the rise of dimension . In the early method, covariate (CV) is used for the calculation, which would result in "dimension disaster (when the dimension increased, the volume of space will increase quickly, which lead to the fact that the available data will become very sparse)" and the calculation amount is too large. In order to solve the multidimensional problem, Rosenbaum and Rubin [33] put forward the propensity score (PS) as a covariate function. If CV meets CIA hypothesis, then PS could also meet the requirement. Besides, the dimension reduction can be completed successfully by transferring the information contained in CV to PS. Therefore, PS( ) is selected to replace the CV's , and formula ⊥ | ⇒ ⊥ | ( ) is employed to achieve the dimension reduction: When dealing with PS, Heckman believed that Logist (Logist model uses cumulative Logist distribution function to describe the relationship between selection probability and explanatory variables and limited the value of explained variables ranging from 0 to 1:
; the odds ratio selection or not selection is /(1 − ), taking logarithm of the odds ratio to obtain the measurement model: = ln( /(1− )) = 0 + 1 + ) has more advantages than Probit (Probit model uses the standard normal distribution function to describe the relationship between the selection probabilities and the explanatory variables and limited the value of explained variables ranging from 0 to 1:
then it implemented simple inverse function transformation and got the following: = Φ −1 ( ) = 0 + 1 + ). Therefore, the estimation values of matching can be obtained with the following formula:
0 and 1 refer to the total number of individuals. means the differences between experimental group and control group, and it meets
Meanwhile, in order to select optimal control group, common support hypothesis is introduced here as 0 < ( = 1 | ) < 1. The cross region between experimental group and control group is shown in Figure 2. 
Induction to MDID Model.
MDID model aims to find optimal control group on the basis of DID model through bringing in matching module and matching algorithm. Then, virtual processing individuals have been developed before the intervention implemented. Last, the virtual processing individual comes to the implementation of the double difference based on the matching selection of control group.
MDID model has the following advantages when it comes to calculating the contribution rate: (1) MDID could solve the human factors generated by DID model. (2) Matching algorithm could not solve time fixed effects, but DID could. (3) MDID allows the existence of invisible factors. According to the DID model and matching estimator, MDID estimator is established as follows:
In view of the above estimators, considering the other influencing factors in control variables, the following panel model is constructed here to estimate ATT:
Among them, is random variable, is weight, and is control variable. 0 , 1 , and 2 are coefficient vectors, and 1 means how the economic behaviors of the experimental group and control group change with time under the policy intervention. and are random disturbance items, which are not changing with time.
is the difference between control group and experiment group and it does not change with time.
is the cross term of virtual variable; is the target variable and it is the change degree of the experiment group after accepting the policy.
The original hypothesis of DID is 0 : = 0; when there is no policy intervention, = 0, and DID effects of experimental group and control group are 0. Table 1 summarizes the basic principle of MDID method. Urban traffic smooth depends on traffic conditions of each section or road intersection in the whole traffic network. Generally speaking, lots of congestion reasons resulted in poor traffic smooth, with the main reasons being the mismatching and incompatibility of traffic demands and supplies. Traffic demands are mainly influenced by urban economy, traffic composition, motorized travelling, and other factors. Among them, urbanization process affects travel demands, for the reason that more urban population and advanced economy mean greater travel demands. Besides, traffic forms could directly determine the motorized travel demands and Traffic supply mainly contains urban traffic management and planning, road infrastructure, related transportation service facilities, and so forth. Urban traffic management and planning determine the spatial layout of urban transportation, such as road network structure and travel direction. Moreover, road infrastructure includes road mileage, road area, road network structure, public transportation, rail transportation, and other facilities, while the transportation service facilities mainly include vehicle parking and vehicle transfer.
Numerical Study
Based on the above analysis and modeling necessity, factors whose data are quantifiable and accessible are selected to form the indicators, as shown in Table 2 .
(1) Population and GDP. Economic development will bring substantial increase in urban population and will also lead to a great travel demand. Moreover, economic development could lead to the production of more purchasing power of motor vehicles. Therefore, the more development the urban economy has gained, the greater the traffic travel demand will be, which also means higher requirement of transportation supply and carrying capacity.
(2) Number of Motor Vehicles. As the visual expression of road traffic and parking demands, vehicle amount largely determines the requirements of motor vehicle travel. In terms of the slowly growing urban roads and tight urban land, the rapid growth of motor vehicles will provide the road with more carrying capacity, which would quickly reach saturation. Besides, the insufficient parking supply capacity will directly result in severe urban traffic congestion.
(3) Road Mileage and Road Area.
Urban road is the carrier of urban traffic, and road mileage as well as road areas can directly determine the carrying capacity of the road network. Longer road and larger areas mean more driving smooth of urban traffic. However, due to the restriction of urban planning and land, construction funds, and many other factors, the growth rate of urban roads is lower than that of motor vehicle. Taking Beijing as an example, the average annual growth of road mileage is 10.12% from 2005 to 2010. Excluding the large-scale construction during the 2008 Olympic Games, the average annual growth rate is only 3%, which is less than 13% of the average annual growth of motor vehicle.
(4) Number of Public Vehicles. After years of exploration, optimizing the traffic travel structure has become more and more important. Besides, improving the carrying capacity and service level of public transport also becomes an important way to solve the urban traffic congestion problem. The number of public vehicles, which plays a positive role in easing urban traffic congestion, could reflect the supply capacity of urban public transport.
(5) Number of Public Transport Passengers. Public transport passenger can describe supply capacity of public transport from the perspective of transportation production. Generally, people believed that, with greater amount of public transport passenger, urban transport operation would turn better. At present, the main public transport travel modes are public electric vehicle (regular bus), mass transit, and taxi.
Quantitative Analysis.
The purpose of the quantitative analysis is to clarify the correlation among indicators and the relationship between indicators and traffic smooth. As showed in foregoing analysis, the paper defines average traffic speed of road network as the characterizing indicator of urban traffic smooth. Considering the regularity between indicators and data availability, the paper collects the data of Beijing from 2000 to 2010 for further analysis, as shown in Table 3 . Here, the following symbols are used to represent the name of each indicator: ASPD: average traffic speed of road network (km/h).
GDP: GDP (hundred million Yuan).
POP: resident population (ten thousand people).
CVECH: number of civilian vehicles (ten thousand vehicles).
RODM: road mileage (km).
RODA: road area (ten thousand m
2 ).
PVECH: number of public vehicles.
PPER: number of public transport passengers.
Utilizing EViews 6.0 to implement correlation test, the specific results are shown in Table 4 .
The results showed that the correlation coefficient of GDP, POP, other factors, and ASPD is all above 0.7. With high correlation, these factors are main factors affecting average traffic speed of road network.
Indicators are screened by referring to the existing evaluation achievements about traffic smooth both at home and abroad and following the metering modeling principles of "from general to simple." In terms of screening the independent variables, the CIA assumption in MDID model could provide some supporting functions: independent variables are influenced by "intervention," but it cannot influence the "intervention." According to MDID assumption, variables which cannot meet CIA assumptions will be eliminated. Finally, Granger test is used as the specific implementation method.
Step 1. Invoke the analysis results of speed's factors and establish timing database.
Step 2. Conduct Granger test between influencing factors and ASPD one by one.
Step 3. Strip out the factors of ASPD Granger reason.
The results show that Granger test result of traffic speed is significant ( value < 0.05). Hence, the number of public transport passengers' indicator is not suitable for the independent variable of speed.
Building the Matching Pool.
DID model needs a comparison city, while at the same time Guangzhou city is the only ITS demonstration project city in China. Therefore, the control group cannot be the ITS demonstration project city. However, there are two major drawbacks for the manual selection of the control group cities. First, how much difference the control group cities can tolerate? It may be 10% or 30%. There is no objective standard. Second, in case of one single selected city, the results will heavily depend on the data of the chosen city. Under the circumstances, the introduction of matching process can solve these two issues effectively and provide theoretical support for selecting optimal control group. Before the execution of the matching algorithms, the first thing is to select the cities that can be allowed to enter into the matching pool.
According to the model theory, it should be assumed that policy is exogenous in terms of selecting control group. That is to say, ITS only affects Guangzhou and has no effect on control group cities; or the influences can be ignored. (2) in addition to the policy, the influences of remaining factors are the same; (3) the characteristics of control and experimental group are steady. According to the above requirements and combined with the situation of China's administrative division, 36 center cities are selected to make up the matching pool. However, considering the outlier features of Tibet's data, the investigation only uses Suzhou as the replacement of Lhasa.
MDID model requires that the cross-section data must be implemented before the policy. Therefore, we can choose the data of the 36 cities in 2010 as alternative library cross-section data, as shown in Table 5 .
Analysis of Matching Process.
Based on the above data, Probit model is employed to do the robust regression. The results are shown in Table 6 .
The results show that in matching Probit regression process the robust test of PVECH's coefficient is nonsignificant, and there is higher colinearity between PVECH and CVEH. After the removal of PVECH, the values of 2 and AIC/SIC are experiencing obvious change.
The colinearity problems of RODM and RODA cannot be ignored, and it is unsuitable for them to be put into the same model. Thus, only RODM is retained. Therefore, the statistical magnitude of the 4 variances' Wald 2 is 19.89, the value of is 0.0005, the likelihood of log pseudo is −2.2760393, and pseudo 2 is 0.5019, with the fitting degree being acceptable. Then, the matching process comes to the implementation of Probit regression and calculating the value of PS. Under common support domain, radius matching algorithm method (radius value is 0.1%) is used to select control group cities and calculate the weights of each city. The significant control group cities are Shenzhen, Shanghai, and Suzhou. Then, the Gaussian kernel density function (‖ −
is employed (setting Gaussian width parameter as 0.1). Last, the weight of control group cities is calculated according to the following formula:
The results are shown in Table 7 . PS value of the remaining 32 cities is less than 0.001, so it is not listed.
For guaranteeing the robustness of model, doing logarithm process to data, and recalculating PS value, 0.2265 (Guangzhou), 0.4052 (Shenzhen), 0.1697 (Shanghai), and 0.1371 (Suzhou), the results show that the model is provided with good stability.
Therefore, a virtual city composed of 0.403 Shenzhen, 0.139 Shanghai, and 0.458 Suzhou has been set: city A = 0.403 * Shenzhen + 0.139 * Shanghai + 0.458 * Suzhou. It is supposed that each indicator of city A is the same to Guangzhou. Then, city A is set as the control group to calculate the contribution rate.
After that, contribution rate is calculated by collecting relevant data of the experimental group (Guangzhou) and control group (Shenzhen, Shanghai, and Suzhou) from 2008 to 2012, as shown in Table 8 .
Contribution rate can be calculated by the changes of stemming from the changes of divided by the total changes of . According to Solow Growth model and making a difference of logarithm, the coefficient of virtual variable is the contribution rate. Meanings of variables and indicators are shown in Table 9 . Therefore, GRP is set as the group virtual variable. If GRP = 0, it means that the variable should be in control group. And if GRP = 1, it means that the variable should be in the experimental group. Set ITS as policy virtual variables and GRP * ITS as cross terms, and the final model is shown as * ASPD = 0 + 1 * RODM + 2 * CVECH + 3 * GDP + 1 * GRP + 2 * ITS + * GRP * ITS + .
Analyzing the Calculated Results.
The data above are not in the symmetrical distribution, so it is difficult for the conditional expectation of least squares model to accurately reflect the real situation. Therefore, the paper establishes the following fixed effects estimation model and used quantile regression to achieve fitting.
The estimation and test results of coefficient and variance are shown in Table 10 .
The paper can obtain the following conclusions based on the estimation results.
(1) The coefficient of GRP * ITS could reflect the net contribution rate of ITS project to Guangzhou's ASPD, and the value is about 0.0925. Hence, the net contribution rate of ITS project to the ASPD increasing of Guangzhou is 9.25%. Moreover, 9.25% of the effects are contributed by ITS project in terms of improving the traffic smooth.
(2) Variance 2 = 0.7041, which means that 70.41% of the total variation can be explained by the model Mathematical Problems in Engineering 9 with four variables and two free dummy variables, while the other 30% is caused by factors that are not included in the model.
(3) Table 10 shows that the intercept coefficient cons = 0.054003. Due to the fact that the control group cannot completely lose connection with ITS project, the value indicating the effect proportion of ITS project to control group is 5.4%, and this value can be ignored. Therefore, cons = 0.054003 also fully illustrates the scientificity in selecting control group and supporting the authenticity of the contribution results.
(4) The coefficient of policy virtual variables is −0.031374, which means that traffic smooth of control group is also affected by time factor and other related factors. Besides, traffic smooth level decreased by 3.14% from the year 2008 to 2012, which shows that traffic smooth of control group is relatively stable during the period, and it is beneficial to use MDID contribution assessment model.
(5) The regression coefficient of group virtual variable is −0.035766. It means that before the implementation of ITS project, the difference of traffic smooth between control group and experimental group is only 3.58%. It also shows that the selection of control group and experimental group in this paper is quite reasonable.
(6) The coefficients of RODM, CVECH, and GDP are 1.085374, −1.867530, and 1.865249, respectively, proving that the RODM and GDP have a positive correlation with traffic smooth, and the correlation value of GDP is higher than RODM. In contrast, CVECH has a negative correlation with traffic smooth.
The applications of ITS will inevitably exert a positive influence on the urban transportation development. However, with the rapid development of the city and coupled with the effects of many other factors on ITS, the urban traffic smooth has not been significantly improved. Therefore, based on these conclusions, the paper puts forward policy recommendations to improve urban traffic smooth from several aspects.
(1) The paper enhances the management level of urban traffic and improve the existing road network structure. City should figure out the requirements of its market economy, take into consideration the current situation of its own traffic, and promote reform of its management system. For example, the city could actively promote the separation of enterprise and government, so as to preferentially develop public transport, strengthen the using of information technology, and develop multicore urban spatial structure. Moreover, in terms of doing road network planning by the government, they should predict the traffic environment in a long period in the future. The situation where the occurrence of the later construction would deny the preoutcomes will be avoided. Last, perfect the static traffic facilities, such as establishing threedimensional garage. (2) It improves traffic smooth under the condition of ensuring effective urban development process. The development of economy and increasing population is bound to increase the number of motor vehicles. Thus, the traffic smooth state will be affected. Then, traffic demand will be guided reasonably and the traffic congestion will be eased by adopting the price mechanism, such as improving vehicle taxes and parking fees, charging road congestion fees, and implementing public transport travel concessions. (3) It optimizes urban transportation infrastructure operational state. At present, China's motor vehicle ownership has increased by 15%, while the urban road has just grown by 3%. This ratio is extremely unreasonable. Due to the limitation of urban land resources, it is necessary to maximize the limited land resources and road utilization rate. For example, common cross overpass will be established and intelligent traffic lights will be used to control the intersection. Firstly, set intersection spacing of different road reasonable levels and then strengthen interconnection rates between roads. After that, shorten the travel distance; furthermore, install intelligent traffic display and allocate the traffic flow to be more reasonable. Finally, it comes to reducing travel time. (4) It reasonably configures traffic composition mode.
Firstly, improve facilities and services of public Category variable = 1 means the objects of experimental group = 0 means the objects of control group transport, which then can attract more people to take public transportation. For example, the layout of public transport, developing various forms of rapid transit buses, implementing different discount bus cards at peak period, and improving public transport share ratio may be optimizing.
Conclusions and Further Study
This paper reveals the influence factors and evaluation indexes of ITS on urban traffic smooth, based on the analysis of ITS in terms of improvement of urban traffic smooth. Combining the improved DID model, we calculate the contribution rate of ITS in improving urban traffic smooth. Through innovative study of the DID model, the research overcomes the application limitations of the DID model, which can serve as a useful tool for policy making of transportation department and evaluation of demonstration project. Also, the study provides new insights for quantitative research of urban transportation industry in terms of investment and decision. The result reveals that ITS works to improve urban traffic smooth to some extent. Specifically, ITS helps to relieve the traffic congestion through taking full advantage of the urban road area, reduce vehicle travel time and distance, and improve the urban traffic smooth. In a nutshell, the proposed quantitative analysis methodology in this paper can provide some new insights for ITS decision makers for strategic planning purposes. Moreover, this study can provide theoretical reference for the performance analysis of city's large demonstration projects and innovative ideas for the technical processing of DID model.
Although ITS has improved the traffic smooth to some extent, the improvement of average travel speed is still not obvious as a result of the increase of motor vehicles. In view of the above, the contributions of ITS cannot be ignored in terms of improving the average travel speed. Accordingly, it is necessary to accelerate the construction of ITS and make a practical action in improving urban traffic smooth. Although the modeling methodology proposed in this study provides a new avenue for evaluating the effects of ITS on urban traffic smooth, further extensions are necessary.
(1) The paper identifies the main indicators that affect traffic smooth. However, it is difficult to quantify the related degree between the indicators and ITS, since there are plenty of factors that influence traffic smooth. As such, some high correlation indicators may be ignored, and this may further cause a significant bias in the evaluation capability of the model. Accordingly, it is worthy of more attention in a further study.
(2) Because of the special characteristics of ITS such as complexity, dynamism, and the hysteresis of application effects, one key problem is to determine the starting time-point of evaluation firstly. An appropriate starting time-point can guarantee that the evaluation results reflect the application benefits of ITS accurately. Therefore, in the future research, it is necessary to study the evaluation time-point of ITS application effects. Also, it is necessary to choose the point data to evaluate the contribution rate and to strengthen the scientific rationality of the results.
(3) Although the MDID model works well in the selection of control group, it has high requirements of the individuals that enter the matching pool. Therefore, it needs to strengthen the discussion about the selection of control group in further research. As such, DID model can be preferably used in traffic fields.
